Maximal power production has been shown to be a differentiating factor between playing levels in many sports and is thus a focus of many strength and conditioning programmes. We sought to evaluate the duration for which a strategy of training with the optimal load (that maximises power output) will be effective in producing improvements in power output in the bench pull. The optimal load that produced the maximum power output in the bench pull was determined for twenty-one male university athletes who were randomly assigned to a group that trained with their optimal load or a load 10% of their one repetition maximum below the optimal load. Both groups completed two sessions per week for 4 weeks, after which their power output capabilities were reassessed. They then trained for a further 3 weeks with a load that was modified to reflect changes in their optimal load. The cohort as a whole had improved their peak power output by 4.6% (p = 0.002, d = 0.290) after 4 weeks of training, but experienced no further increase after another 3 weeks of training. There were no significant differences in the response to training between the two groups. This study suggests that improvements in power output can be realised within a few weeks when training with the optimal load, but training in such a way for a longer duration may be ineffective. Strength and conditioning coaches should consider periodizing power training to maximise gains in power output capabilities.
INTRODUCTION
Muscular power has been shown to correlate with performance in athletic movements such as jumping, sprinting and agility tests, and with playing level in a number of sports (3, 10, 17, 32, 34) . Therefore the efficient development of muscular power is a high priority for strength and conditioning programmes. It has been widely suggested that an effective method for increasing power output is to train with the load that permits the highest power output in a particular lift or movement, that is the optimal load (12, 14, 23, 24, 40) . It should be noted however, that training with the optimal load alone may not be the most effective method for increasing power, and the most effective strategy may be dependent on the training status of the athlete or the sport they are involved in (12, 24) . Equally, the relative magnitude of the optimal load also appears to be dependent on factors including the relative strength of the athlete, the sex of the athlete, and the type of lift performed (12, 24) . It has also been suggested that training at the optimal load may be effective over a short period of 8-12 weeks but may not be the best strategy over a longer period of time (12) . Equally, Baker (4) has suggested that training with the optimal load should be confined to the last few weeks of a training programme where it would function effectively as a "peaking" strategy.
In order to ascertain the veracity of these recommendations it is necessary to evaluate the length of time that such a power training strategy will continue to deliver improvements in power output capacity.
Although it is widely assumed that training at the optimal load will have the greatest effect on power output improvements (12, 14, 23, 24, 40) other commentators have suggested that training slightly below the optimal load during in-season training is the best way to increase power output due to the effects of fatigue limiting power production (4). However, there is a lack of research exploring the effect of power training with loads above or below the optimal load.
The purposes of this study were therefore twofold. Firstly, the study aimed to evaluate the time period for which a standard power training protocol would yield improvements in power output. Secondly, the study sought to ascertain if training at the optimal load would lead to greater gains in power production than training with a load just below the optimal load.
METHODS

Experimental Approach to the Problem
Twenty-one resistance trained men were tested for their 1 repetition maximum (1RM) and maximum power output at loads from 30-80% of their 1RM (i.e. their power profile) in the bench pull (BP). Their peak power output and the load at which it was achieved (i.e. the optimal load) was identified from the power profile. Subjects were then randomly assigned to two groups and performed 5 sets of 3 repetitions at either their optimal load or at 10% of their 1RM below their optimal load twice per week for 7 weeks. The subjects' power profiles were reassessed after 4 weeks of the training programme and the training loads adjusted to ensure that the subjects were still training at the designated load for the final 3 weeks of the training programme. Finally, the subjects were retested for their 1RM and power profile at the end of the training intervention. The experimental design is depicted in Figure 1 . Figure 1 . The experimental design used in this study.
The BP exercise was chosen for this study as it is easy to perform and removes questions about including bodyweight in the calculations that arise in exercises like loaded jumping (35) . It also allows the subject to accelerate the load throughout the whole lift, thereby removing the potential variance associated with the deceleration or projection of the load at the end of the concentric phase (9) . Finally, the BP is a commonly used testing and training exercise across a range of different sports (1, 15, 16, 21, 27) .
Subjects
Twenty-five male university athletes with at least 1 year of resistance training experience were recruited to take part in this study. The inclusion criteria stipulated that all subjects reported no upper body injuries or pathology in the 12 months prior to data collection.
Subjects were randomly divided into a group that trained at their optimal load (P) and a group that trained with a weight 10% of their 1RM below their optimal load (P-). In addition, subjects had to complete 85% of the training sessions to be included in the final analysis and 4 subjects were excluded for not meeting this criterion (thus for P n = 9, and for P-n = 12).
There were no significant (p ≤ 0.05) differences in the subject characteristics at the start of the study (Table 1) . Ethical clearance was granted by the institutional review board of St Mary's University College and subjects provided written informed consent. 
Sample Size Determination
The appropriate sample size was determined by considering the power of the study to detect differences in the peak power output between the two groups across the 3 time points. In particular, we determined the sample size necessary to achieve a power of 0.80 with a significance criterion of α = 0.05. In order to calculate the sample size we employed the equation of Overall and Doyle (31) for longitudinal designs, assuming that the increase in power output would be linear across the course of the study, and that there would be no difference between the two groups at the start of the study. In addition we assumed that the correlation of the repeated measures was ρ = 0.6 (18) . We assumed that the variation (i.e. the standard deviation) in the peak power output of the participants would be 35W. This was based on the results of Baker (5) who found the standard deviation of power output scores in the bench throw to range from 19-32W depending on the ability and age level of the subjects (in particular, the 36 university aged athletes who would be most similar to our cohort had a standard deviation of 32W). We also assumed that the average increase in power output over the course of the study for the cohort as a whole would be 10%, based upon the consideration of several short term upper body power training studies (19, 20, 28) . Our experience with this cohort of athletes lead us to estimate that the initial mean peak power output would be 650W, thus we estimated that the average increase in power output for the cohort as a whole would be 65W. We therefore defined the minimum expected difference between the two groups to be half this value -that is 32.5W. These values lead to a required sample size of 14.6 subjects in each group, which we rounded up to 15. We thus aimed to recruit 30 total subjects however, unfortunately we fell a little short of this number.
Instrumentation
A linear force transducer (TENDO Weightlifting Analyser, TENDO Sports Machines, Slovak
Republic) was used to record the maximum power output during each repetition. The TENDO unit has been previously assessed and shown to be accurate and reliable in the measurement of power in explosive movements (22, 36) . The unit was attached to the centre of the bar and placed directly beneath it to ensure a vertical cable alignment.
Procedures
Subjects completed initial testing in the 1 st week (PRE; 1RM test followed by a day's rest then power profiling). They then trained for 4 weeks using either the optimal load identified from the power profile (P) or a load 10% of their 1RM below their optimal load (P-).
Following this the subjects' power profiles were retested (MID) and training loads adjusted to ensure subjects continued to train at the appropriate load for their intervention group. They then trained for a further 3 weeks and then in the 10 th week final testing took place (POST;
1RM test followed by a day's rest then power profiling).
For each testing session the subjects performed a standardised full body general warm up followed by a specific bar warm up (Table 2) . They then performed the BP testing protocol for the day. Each lift started with the bar stationary beneath the bench with the bar supported at a height such that the subject's arms were straight. The subject then pulled the bar until it contacted the bench and lowered it under control whilst maintaining contact of their chest, hips and feet with the bench. For the 1RM testing the weight was increased in increments of 10kg then 2.5kg and subjects were permitted a maximum of 3 attempts at each load with 2-4 minutes rest between attempts (1). For the power profiling, subjects performed 2 repetitions at each of 30%, 40%, 50%, 60%, 70% and 80% of their 1RM (in ascending order) with 2-4 minutes rest between sets. The TENDO unit was used to determine the maximum power output for each load and then the load which permitted the greatest power output (the peak power) was taken to be the optimal load. The training intervention involved the subjects performing 5 sets of 3 reps in the BP (using the appropriate load for their intervention group) with 3 minutes rest between sets on two separate occasions each week. The frequency and volume of the BP training programme were based upon the resistance guidelines of Baechle et al. (2) . When performing the BP training subjects were continually supervised and instructed to lift the bar as fast as possible and to hit the pad on the bench apparatus as hard as possible to ensure there was no unnecessary deceleration of the bar. The BP training was incorporated within a full body strength and conditioning programme (consisting of 2 sessions each week) which utilised lower body strength and power exercises, upper body pressing and trunk stability training.
The content of each subject's programme was individualised based upon their sporting needs, however upper body pulling exercises were standardised between the subjects. An example training programme is depicted in Table 3 . 
Statistical Analysis
Statistical procedures were performed using SPSS (Version 21, IBM). Repeated measures ANOVA was used to test for differences in power outputs at each load, peak power output, optimal load and 1RMs across the course of the study (the assumption of sphericity was tested with Mauchly's Test of Sphericity, and the Greenhouse Geisser adjustment employed if the assumption of sphericity was violated -this was only the case for power output at 50% of 1RM). Post hoc pairwise comparisons were Bonferroni adjusted to account for multiple comparisons. PRE to POST effect sizes were calculated using Cohen's d following the recommendations and interpretations of Rhea (33) . Independent samples T-tests where used to test for differences between the two groups at PRE. Significance was determined a priori (α = 0.05).
RESULTS
Subjects experienced a modest improvement in their 1RM BP across the course of the study (i.e. a significant main effect of time; F(1,19) = 9.806, p = 0.005, d = 0.270; Figure 2 ). There was a significant effect of time on peak power output for the cohort as a whole (F(2,38) = 8.991, p = 0.001). Post hoc testing suggested that the cohort significantly increased their peak power output from PRE to MID (p = 0.002, d = 0.290), but there was no further increase by POST (Figure 3a) . The cohort as a whole also experienced a decrease in the optimal load (as a percentage of 1RM) across the course of the study which approached significance (i.e. a main effect of time; F(2,38) = 3.188, p = 0.052, d = 0.590; Figure 3b ). This decrease was a result of both the increased 1RM (Figure 2 ) and also a decrease in the absolute load at which peak power was expressed (which fell from 64.2% of PRE 1RM to 61.4% of PRE 1RM at POST; see also the frequency of peak power loads in Table 4 ). Figure 4 ). There were no differences for the main effect of group or the interaction effect for any of the variables considered. 
DISCUSSION
The subjects who participated in this study (when considered as a whole) experienced a small significant (p = 0.002) increase in peak power output of 4.6% (d = 0.290) after 4 weeks of training (which is representative of an upwards shift of the complete power-load curve).
These results are in broad agreement with other studies that have shown an increase in power output following specific power training (25, 26, 29) . However, a further 3 weeks of the same training failed to provide further increases in power output, despite the fact that the training load was modified to ensure that subjects were training at the desired load. This observation is consistent with other previous power training studies that have demonstrated diminishing returns in terms of improvements in power from 5 weeks onwards (10,11).
Cormie et al. (11) found significant (p ≤ 0.05) increases in the peak power produced in the vertical jump after 5 weeks of training but no further increase at 10 weeks in a group of stronger subjects (able to squat 1.97 × body weight; the weaker subjects experienced a modest further increase at 10 weeks). It was suggested that one explanation for this was the decrease in the absolute strength of the stronger subjects across the course of their study. In contrast, in this study the subjects experienced a modest increase in their absolute strength in the bench pull but despite this did not increase their power output beyond 4 weeks of training.
This study therefore suggests that a significant increase in power output in the BP can be obtained in a reasonably short amount of time by training at, or just below the optimal load (although the effect size of this increase was small). However, these gains will be exhausted in a short amount of time. This study then further emphasizes the importance of periodisation and progressive overload to prevent accommodation and stagnation (37) (38) (39) and supports Baker's (4) suggestion that training at the optimal load be reserved for the last few weeks of a training cycle. One idea that was untested within this study, and that should be the focus of future research, is the effect of varying the percentage of 1RM used for power training and whether this is a strategy that can prolong the period of power output improvements leading to greater overall increases in power output.
The secondary aim of this study was to evaluate if there was any difference between training at the optimal load (P), or just below it (P-). Our results suggest that there was no difference between P and P-. One reason for this could be the fact there are only small differences in power output when using loads close to the optimal load. For instance, Baker and Newton (8) showed how an athlete who trained with 84% of the optimal load could produce 96% of their peak power output. Equally, Baker et al. (7) reported that there was a similarity in the power produced in the range of loads (48-63% of 1RM) surrounding the optimal load (55-59% of 1RM) in the jump squat and Newton et al. (30) found that the greatest mean power was produced at 30% and 45% of 1RM in the bench press throw. These results support the idea that there is a plateau in power outputs when using loads around the optimal load (8; a plateau that was also seen in our results). This in turn suggests that both groups would exhibit similar power outputs relative to their potential maximums during training thus making the training stimulus markedly similar.
A further interesting result in this study was the decrease in optimal load (as a percentage of 1RM) across the course of study (a decrease that approached significance; p = 0.052). In addition, the effect size of this decrease was the largest seen in this study (d = 0.590). This decrease was not simply the result of the increased 1RM of the subjects as the absolute value of the optimal load also decreased during the study (Table 4 ). In contrast to the peak power outputs which did not exhibit a change in the latter half of the study, the optimal load fell throughout the course of the study. This provides tentative support for the notion that the power profile did not remain static in the final 3 weeks of the study, but rather experienced a left shift. It can then be speculatively suggested that training around the optimal load may result in both an upwards and leftwards shift of the power-load curve. There is some disagreement within the literature as to whether the optimal load of stronger athletes is at a higher or lower percentage of 1RM than for weaker athletes (4, 12, 24) . These results allow us to speculatively suggest that the ability to produce peak power outputs at a relatively lower load is a specific adaptation to training (and in particular to training at or just below the optimal load).
The optimal load for the subjects in this study ranged between 50% and 80% of 1RM with a mean of 64.3% ± 9.7 and 59.1% ± 7.6 of 1RM at PRE and POST respectively. To our knowledge there is no research in the bench pull to support this finding, but similar values for optimal load of between 50% and 70% of 1RM have been found in other upper body exercises (6, 13) . This information will be of value to strength and conditioning coaches particularly if they don't have the required equipment to perform an individualised assessment of their athletes' power profile in the bench pull.
In this study we endeavoured to recognise the limitations of previous research in this area (14) . In particular there have been weaknesses in the load selection in previous training intervention studies with a number of studies not assessing the actual optimal load of the subjects involved for the movement studied (14) . A strength of this study is therefore that the training load used by each subject was individualised based on their personal power profile.
In addition, it is also possible for the optimal load to vary over the length of the study (25) , thus we adjusted the training loads used by the subjects in this study based on the MID results in order to ensure that subjects continued to train at the desired load. A potential limitation of this study is the uneven group numbers due to the exclusion of four subjects from the study for not meeting the training threshold requirements (3 of the excluded subjects being from the P group). However, a sensitivity analysis showed that if the group numbers were balanced by including the 3 subjects excluded from the P group and if their peak power increased by 20%
(the maximum increase seen by any subject in the study) there would still have been no significant differences in the increase in peak power between P and P-.
PRACTICAL APPLICATIONS
The results of this study suggest that small but significant improvements in power output can be realised in only a few weeks of specific power training with the optimal load, but that there is no benefit in prolonging this type of training. Thus the results of this study tend to support Baker's (4) recommendation that power training with the optimal load only be performed in the last few weeks of a training cycle. In addition, these results also support the idea that similar improvements in power output can be realised by training with loads that are below the optimal load (8) . A further finding of this study was a relative decrease in optimal load across the course of the study. Strength and conditioning coaches should be cognisant of the fact that power training with the optimal load may also cause a left shift of the power-load curve towards peak power being expressed at relatively lighter loads and ensure that this is a desired training effect. Finally, this study also supports previous studies that suggest that the optimal load for upper body exercises is in the range of 50% to 70% of 1RM. This information will be of use to strength and conditioning coaches and especially to those who do not have the facility to evaluate the individual power profiles of their athletes.
